Friedrich A dolf Paneth was born in Vienna on 31 August 1887. His father, Dr Joseph Paneth, was a well-known physiologist and the discoverer of certain histological cells which still bear his name. His mother Sophie {nee Schwab) was the daughter of an industrialist who was, for a time, a representative in the Austrian parliament. She had been given a classical education, which was rare at that time for a girl, and had a keen interest in the natural sciences and philosophy. Fritz had two brothers, one older and one younger, and, though both parents were of Jewish descent, the three children were brought up in the Protestant faith. He was first taught at home, but later attended Vienna's renowned Schotten Gymnasium. He was conscientious in his school work and was also endowed throughout his life with an unusual delicacy of touch, so that it was a pleasure to watch his manipulations of familiar as well as of scientific objects. At school he was a good gymnast and later developed more than average skill as a skier, as well as becoming a keen climber. Another major interest was photography. He took up colour photography in 1908, when it was still in the experi mental stage; his early achievements in this field would have been impossible without his extraordinary inborn patience. The results compare favourably in selectivity of the view and beauty of tone with many more recent efforts, and form a valuable record of one side of a full life. The atmosphere of Vienna before 1914 was intensely stimulating, es pecially in the fields of literature, music, and art, and Paneth's later life shows very clearly the lasting influence of this early environment. When he left school he studied first at the University of Vienna and then with A. v. Baeyer at Munich. He was granted the degree of Doctor of Philosophy by the U ni versity of Vienna in 1910 for a thesis entitled 'Ober die Umlagerung des Chinidins durch Schwefelsaure' and 'Uber die Einwirkung von naszierendem Wasserstoff auf Ei-Albumin'. This work was done under the direction of Z. Skraup, but organic chemistry proved not to be Paneth's chosen field,
'He then developed his knowledge of English literature. The foundations laid were put to good use when he came to live permanently in this country. His command of English was impressive and his lectures were spiced with humour and quip, as well as being logically very well constructed.' It may be added that, throughout his life, he remained an outstanding stylist in his mother tongue.
In 1913 he married Else Hartmann, daughter of the historian Ludo Hartmann. She qualified as a doctor of medicine in 1919. They had one son and one daughter. Paneth made his 'Habilitation' in 1913 in Vienna where he remained until 1917, when he went to Prague as assistant to Honigschmid in the Deutschen Technischen Hochschule. This post was held for only a short time, for in 1919 he was appointed 'Extraordinarius' in the University of Hamburg and, in 1922, moved to a similar post in the University of Berlin. He was appointed George Fisher Baker Lecturer at Cornell Uni versity in 1926-27 and some of his assistants accompanied him, taking with them special equipment which enabled active research to be continued. His Lectures at Cornell were a great success and were especially appreciated for the excellence of his English. He spoke not only on his own work, but on ancient alchemy and historical chemistry, in which he had a life-long interest. This is exemplified by his great admiration for Robert Boyle, whose papers he read and re-read. His library was rich in works in this field and his classical training stood him in good stead, for he was able to read the Latin text of an ancient alchemical treatise with the greatest of ease and, with his customary energy and enthusiasm, brought to light forgotten facts and established new relations between known ones. It is also characteristic of Paneth that he devoted a great deal of research and labour to the re establishment of forgotten reputations. His American visit ended with an extended lecture tour, during which he made a special study of teaching methods.
Paneth was called to the Chair of Chemistry at Kdnigsberg in 1929 and he became director of the Chemical Institute, a singular distinction at a time when this post was held in almost all the major chemical institutes of Germany by an organic chemist. All of his co-workers followed him from Berlin. Although the facilities at Kdnigsberg at first left much to be desired, the necessary equipment was collected and there began what proved to be the most productive phase of his research activities. His work there, which ranged over the fields of free radical chemistry, helium analysis, and the study of meteorites, is discussed later. His interest in historical chemistry also continued and lectures in this field were well attended, though possibly interest centred on the speaker rather than his subject. Questions on historical chemistry were even asked in oral examinations until the students persuaded one of the assistants to intervene. It was typical of Paneth that, after this incident, the questions were dropped, though the lectures continued.
This productive and happy period in Konigsberg was cut short by political developments in Germany. Paneth was on a lecture tour in England when Hitler came to power and he never returned. He saw clearly what was happening in Germany and, because it was diametrically opposed to his own way of thinking, he chose exile and all the difficulties associated with it. Fortunately his personality and scientific standing were such that he would have been welcomed in any of the major research schools of the Englishspeaking world. It was the good fortune of the Imperial College of Science and Technology in London to be able to welcome him as a guest and make provision for his work and, with the aid of three expert assistants who had accompanied him from Germany, a small but highly productive group was soon established at South Kensington. He was appointed Reader in Atomic Chemistry by the University of London in 1938 and, in 1939, became Professor of Chemistry and Director of the Laboratories in the University of Durham (Durham Division). There, in a setting which had much in common with the older German university towns, a full academic life was resumed until, in 1943, he was put in charge of the chemistry division of the Joint British-Canadian Atomic Energy team in Montreal. It could hardly have been possible to find a better man for this important position. His long and almost unique experience of classical radioactivity enabled him to make major contributions to research on plutonium and many other topics which were studied at Montreal. He proved an ideal leader and his personality made a deep impression on all who worked with him. It was as if an element of old-world courtesy and culture had been injected into an atmosphere which might otherwise have become too intense.
After the war Paneth returned to Durham, established the Londonderry Laboratory for Radiochemistry, and resumed his former research interests. His department was notable for its harmony and his home was a place where his students were always welcome. He reached the retiring age at Durham in 1953 and accepted an invitation to become a Director at the Max-PlanckInstitut fiir Chemie in Mainz. Here he once again set up an active research school, bringing new life into his section of the Institute and stimulating not only the younger men working in his own field, but also many in related fields who came into contact with him. The last five years of his life were, indeed, intensely active, for his personal and scientific qualifications led to many calls for his advice on scientific and administrative problems, among which, and typical of his wide interests, was the selection of a fitting image of Athene to preside over the Max-Planck Institute. It is this last phase which shows us clearly his finest qualities, for he showed those around him that he still had a deep affection for the academic traditions and science of the country where he had spent so many of his early years. He never showed any trace of resentment and this has left a deep impression on all who met him after his return. At the same time, he brought back his appreciation of British ways and institutions.
Paneth seemed to live in, and to establish around him an academic climate in which national differences were irrelevant, while peculiar national excellences contributed to a lively re-appreciation and exchange of values.
Of his scientific work Professor Dingle has written the following: £He knew no boundaries in science. Though primarily a chemist, his work touched astronomy, physics, geology, and, indeed, whatever happened to be related in any way to the subject of his immediate concern. Nor were scientists-of the past or of the present-merely the authors of scientific papers. They were men and women and the history of science was to him-as indeed it neces sarily must be for a full understanding-a part of science itself. It was not merely the variety of his interests that was so thrilling, but also the fact that to him they formed a unity. One never had the feeling that he was changing from one subject to another; he was looking at the same subject from another side.' Another colleague, Dr Hans Gotte, has written the following: 'He showed a rare independence of mind in his judgment and thinking, which permitted him to examine facts, events, and people, uninfluenced by the opinion of others or generally accepted views, and to form his own opinion. His humorous, indeed, frequently ironical, criticisms were always tinged by his benevolence and indulgence. With one pregnant phrase, or with a single question, he managed to illuminate a situation in such a way that he could leave it to the intelligence of his audience to form their own views, whose essential features would, however, be determined by his formulation of the problem. ' Paneth's scientific achievements were recognized by many learned societies. 
Scientific work
Paneth's first scientific publication appeared in 1911 and is an account of experiments on the quinine alkaloids, which were done under the direction of Skraup in Vienna. It is impossible to judge from this single excursion into organic chemistry how he would have fared in this field. He left it almost at once and took up a post as assistant in the Institut fur Radiumforschung which was one of the leading centres for research in the new science of radio activity. His first publication from there was made jointly with Stefan Meyer and described measurements of the intensity of a-rays emitted by purified uranium deposited as a thin film of uranium oxide. It formed part of a pro gramme designed to unravel the decay processes in the uranium series, which were then very incompletely understood. In the same year Paneth described a new method for concentrating polonium, which served to separate it partially from lead and radium D. It was based on the observation that polonium in aqueous solution diffused through a parchment membrane very much less readily than lead or radium D.
Radium D occupied a position of special significance, since it was the only decomposition product of emanation with a sufficiently long half-life to make its separation in weighable amounts from pitchblende feasible. It was known to separate with lead when extracted from radioactive minerals and Soddy had postulated that the two substances were inseparable. There were, nevertheless, conflicting reports in the literature of chemical separations which Paneth proceeded to re-examine. Von Hevesy was conducting similar experiments in Manchester and the two sets of negative results were published in Vienna jointly in 1913.
The paper on the attempted separation of radium D and lead paved the way for one of the major developments with which Paneth's name will always be associated. He continued his collaboration with Hevesy and they were quick to realize that, since radium D was inseparable from ordinary lead, a small admixture of it with lead would enable them to measure lead concentrations far lower than those which could be determined with ordinary chemical reagents. The lower limit for the microchemical detection of lead was then 3xl0-9 g whereas, using RaZ) as an indicator, a sensi tivity greater by several powers of ten could be achieved. The method was used by them to measure directly the solubility of lead chromate and sulphide in water. They also pointed out that Ra was not the only radioelement which could be used as an indicator for lead and that the principle could be extended. Either ThC or R a£, for example, could be used in the case of bismuth. Paneth's association with Hevesy led to two further publications in 1913, the first on the electrochemical separation of radioactive elements and the second on the separation of polonium by electro-deposition, followed by high temperature distillation. Paneth and Hevesy also collaborated in determining the normal potential of polonium and in separating RaZ) in visible quantities. The latter was shown to be identical with ordinary lead in its electrochemical behaviour.
During this period of intense activity in the Vienna laboratory Paneth had other interests which were quite distinct from those involving collabora tion with Hevesy. Chief among these were the formation of colloids in solutions of radioactive substances and the adsorption of radioelements. The first of these topics proved somewhat intractable, as indeed it still is. Dialy sis experiments showed clearly that colloidal hydroxides were formed in several cases by elements which hydrolyzed readily. The diffusion coefficients of polonium, radium E, and thorium B were found to be smaller in alkaline solution than in acid. This led to the study of the adsorption of radioelements on a number of insoluble salts and oxides. The first results were published jointly with Horovitz in 1914. They included studies of the adsorption of 1 h B , ThC, and Ra on such compounds as titanium, chromium and man ganese oxides, barium sulphate and chromate, and the silver halides.
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Adsorption was strong when the radioelement formed an insoluble com pound with the electronegative component of the adsorbing material. Small differences in the mode of preparation of the adsorbing material were found sometimes to alter its adsorbing properties appreciably and it was pointed out that such experiments might throw some light on the composition of solid surfaces. These experiments also explained why radioelements were sometimes precipitated at concentrations far below those corresponding with their solubility products. Paneth returned to these experiments in 1922, when he was at Hamburg, and published with Vorwerk a classic paper on the determination of the surface area of powders by the use of radioactive indicators. This was based on the concept of a kinetic exchange between the molecules (or ions) in the surface of an insoluble solid, such as lead sulphate, and the lead sulphate in a saturated solution in contact with it. If the solution contains a radioactive indicator, then the following relationship holds:
Isotope ads _ Element in surface Isotope solution ~~ Element in solution
The ratio on the left-hand side may be found by determining the decrease in activity of a solution containing the radioactive indicator when it is placed in contact with solid. Thus, for example, the fall in activity of a saturated solution of lead sulphate containing Thi? when it is placed in contact with a known weight of lead sulphate might be measured. This loss in activity of the solution corresponds with the activity taken up by the solid surface. Since the denominator on the right-hand side of the expression is equal to the solubility of the solid in water, which can be measured independently, the number of molecules of the compound in its surface and the specific surface of the solid can be deduced. The method was first applied by Paneth to lead sulphate and chromate, but was later used for other sparingly soluble compounds. Its usefulness has since been increased considerably by the use of artificial radioelements. Having found a method of determining the surface of solids such as lead sulphate, Paneth was able to take his investiga tion one stage further by measuring the adsorption of dyestuffs on lead sulphate of known surface area. In this way he was able to estimate the proportion of the surface covered by the dyestuff molecules and to show that only about 30 per cent, of the surface was covered by a monomolecular layer of the dye Ponceau 2 R .Later experiments with lea sulphide and phosphate, and barium chromate and several dyes gave similar results: in no case was a complete monomolecular layer formed. Some of the measurements of surface area which had been based on the use of radioactive indicators were checked by direct microscopical measure ments and the latter technique enabled Paneth to make a few observations on the adsorption of dyes on other solids, such as artificial silk, diamond, and various other forms of carbon. These experiments were not, however, pursued further. The field at the time offered great scope and the fact that it was dropped may be taken as evidence of Paneth's dislike for repetitive research. In the early 1920's he had other exciting new research in hand and it was to this that he turned his attention in preference to staying in what many would regard as a comparatively 'safe' field. It is also noteworthy that his active work in classical radioactivity came to an end in 1918, though he retained a life-long interest in the subject and his unique experience was to prove of immense value in later years when he was called on to help in work on the transuranic elements. He was associated with Fajans during 1914 in an investigation of the relationship of actinium to the uranium decay series and was able to show that it was not formed directly from radium. The actinium decay products were further examined in collaboration with Stefan Meyer and measurements of the ranges of particles emitted from polonium, ionium, and actinium preparations were also made. The alpha activity of purified actinium sources was noted at this time, and this observa tion was the forerunner of the later discovery of francium by Mile Perey. In 1917, however, Paneth, while still at Vienna, made his first experiments in an entirely new field, the use of radioactive indicators to show the formation of unstable hydrides. Shortly afterwards he moved to the Technische Hochschule at Prague and there he completed his work on bismuth and polonium hydrides.
The existence of bismuth hydride, which was unknown at the time, was shown using ThC, an isotope of bismuth, as a radioactive tracer. A piece of magnesium was exposed to thorium emanation, when a mixture of Thi? and ThC was deposited on it. When the foil was dissolved in acid the hydrogen evolved carried minute amounts of a gas with the decay characteristics of the bismuth isotope, though no ThT? was detected at the time. It was con cluded that a gaseous bismuth hydride had been formed by the action of nascent hydrogen on the bismuth isotope. The radioactive gas was shown to be decomposed by passage through a recl-hot tube. In other experiments, which were reported at the same time (1918) , polonium was deposited electrolytically onto magnesium. On dissolving the metal in dilute acid a similar indication of the formation of a gaseous polonium compound was obtained. These experiments actually preceded those on bismuth hydride. After the polonium experiments Paneth wished to check that the activity carried in the gas stream was not attributable to spray, carried over mech anically. He therefore performed an equivalent experiment with thorium active deposit, since neither Bi nor Pb, he assumed, formed a hydride. He must have been disappointed to find that activity did come over in this case also, but fortunately he noticed that the activity decayed with the half-life of ThC. This led to the further work on bismuth hydride. Subsequently, bismuth hydride was also prepared by dissolving an alloy of magnesium and inactive bismuth in acid. The amount of hydride obtained was sufficient to yield weighable amounts of the element on decomposition and, with this material, a number of observations were made on the reactions and stability of the new gas.
This success led Paneth to attempt the preparation of a hydride of tin.
Here again the compound was unknown, though the position of tin in the periodic table would lead one to predict the existence of an unstable hydride, SnH4. The first experiments were made with a tin-magnesium alloy with a composition corresponding with the formula Mg2Sn. When the alloy was dissolved in hydrochloric acid the gas evolved gave a tin mirror when it was passed through a hot tube. Yields were, however, very poor and Paneth developed a better method involving the electrolysis of stannous sulphate solution with lead electrodes. With a battery of cells he was able to prepare several grams of the new hydride and to make an extensive investigation of its physical, chemical, and pharmacological properties. The study of gaseous hydrides was extended to two other elements, germanium and lead, and earlier results on polonium hydride were amplified. Indications of the formation of a germanium hydride had been obtained as early as 1902. Paneth prepared monogermane by the action of nascent hydrogen on germanium in sulphuric acid solution, a method which gave yields of less than 2 per cent. The compound was, however, analyzed and it was left for Dennis, several years later, to prepare the hydride and its homologues in quantity and make a detailed study of their physical and chemical properties.
It was anticipated that lead hydride, if it existed, would be very unstable and a radioactive tracer method was used to detect its formation. Mag nesium was coated with a mixture of Thi? and ThC, as in the experiments on bismuth hydride, and dissolved in acid. The hydrogen evolved was passed through a hot tube, which decomposed bismuth hydride (arising from the presence of ThC). When the resulting activity of ThC had decayed, there was a small residual activity due to Thi?, indicating that a trace of a volatile lead hydride had been formed and decomposed. This activity had been overlooked in the earlier experiments on bismuth hydride. Attempts to prepare lead hydride by dissolving an inactive lead-magnesium alloy in acid and to detect it by decomposing the compound in a hot tube were unsuccessful and this led to the exploration of several alternative routes. 1 hey included an electrolytic method, similar to that used for preparing stannane, and passage of sparks between lead electrodes in an atmosphere of hydrogen. The results were again negative and an ingenious apparatus was developed in which a lead cathode was used alternately in direct current electrolysis and in sparking. The gas evolved gave a lead mirror when passed through a hot tube. Paneth, however, appears not to have been fully con vinced by these experiments and, indeed, other experiments on the produc tion of hydrides in the glow discharge also gave rather ambiguous results, d his was particularly so when methane, or some similar organic compound, was introduced into the discharge as a catalyst. Analysis of the products was complicated by the presence of organic decomposition products and probably also of organometalloidal compounds. These experiments are, however, expecially important as they seem to have led to an interest in free radicals, a problem which formed the subject of the next main group of Paneth's researches.
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The work on free radicals should be viewed against a historical back ground. The preparation of free methyl was, indeed, an old problem of chemistry. It was attempted by Kolbe in 1849 and from that time onwards the concept of an organic radical was prominent in many theories of organic reactions, though direct proof that radicals could exist was lacking. W hat Paneth and his co-workers did was to show by direct experiment that free methyl radicals produced in the gas phase could persist for a small but measurable time before recombining to form ethane. The radicals were produced by pumping the vapour of lead tetramethyl mixed with hydrogen at a pressure of about 2 mm through a tube heated over a short part of its length to a temperature which was sufficient to decompose the lead compound. A deposit of lead was formed and the free methyl radicals produced at the same time could be detected at short dis tances downstream from the heated zone by their reaction with such ele ments as tin, antimony, and sulphur. Free ethyl was produced similarly from lead tetraethyl and shown to react downstream with zinc, cadmium, anti mony, and lead. These observations were followed up in considerable detail. The mean half-life of the radicals was estimated under controlled conditions of pressure and flow-rate by measuring the time required for the radicals to react with and remove standard mirrors of such elements as lead or tel lurium, which had been preformed at definite distances from the heated zone. The recombination of the radicals was also examined and the con trolling factors were determined. The possibility of using free methyl and ethyl in chemical synthesis was likewise explored. The products of the reaction of methyl and ethyl with such elements as lead, zinc, mercury, and antimony were shown to be the familiar organometallic derivatives, but antimony gave with either hot or cold mirrors a mixture of the trialkylstibine with what proved to be a tetraalkyldistibine. The new compounds tetramethyl-and tetraethyldistibine were prepared in this way.
Though most of the work in the free radical field was done with methyl and ethyl, Paneth and his co-workers also attempted to obtain evidence for the existence of free radicals of greater complexity. Tetrapropyl lead gave no evidence of propyl radicals, which seemed to be unstable and to decompose to methyl and ethylene. Butyl, phenyl, and the free methylene radical like wise were found to be too unstable to be detected under the conditions used. Indeed, only in the case of the benzyl radical were these exploratory experi ments successful. The radical was obtained by decomposing tetrabenzyl tin in a hot tube under the conditions used in studying free methyl, and allowing the decomposition products to react with mirrors of selenium, tellurium, and mercury, benzyl derivatives of which were formed and subsequently identi fied. These studies were concluded in 1935 by which time they had already had a considerable influence on current work in physical chemistry, es pecially in connexion with the mechanism of thermal and photochemical reactions in the gaseous phase. Indeed, Paneth's contributions marked a turning point in these fields. His actual experiments are also remarkable for the novelty of the approach and for the elegance of their execution, and they will always be thought of as models of imaginative research.
Paneth's unusually wide interests led him into yet another field which also proved most fruitful. This was the study of methods for the isolation and measurement of small quantities of helium and other gases of the atmo sphere. The first experiments of this type were published jointly with Peters in 1926, and were designed to test whether it was possible to transform hydrogen into helium by physical or chemical processes. Several investi gators had claimed that this could be done, but, in order to examine the matter, it was necessary first of all to develop techniques for isolating the helium and measuring it in very small amounts. The spectroscopic method was estimated to have a lower limit of sensitivity of 10" 12 to 10-13 g and was the one which was adopted. The chief experiments on the supposed trans formation of hydrogen into helium were made with a palladium catalyst and the results were positive. It is evident from the published account of this work that Paneth viewed the result with suspicion, in spite of the fact that the abundance of the helium found relative to the very small amount of neon which was also observed was very much greater than corresponded with an atmospheric origin of the two gases. He examined the point further and was able to show that some helium was derived from the asbestos used in the hydrogen purification train. Even more important was the observation that small amounts of helium passed through both hard glass and hot palladium. These sources of error accounted for what now seems to be a highly im probable experimental result and in all subsequent work with helium these sources or error were rigorously excluded.
Paneth was quick to employ the special methods for helium analysis in other fields, the first of which was the determination of the age of meteorites. In 1926, when this new work started, he had just returned to Berlin after a visit to Vienna, where he had seen the large collection of meteorites in the possession of Professor Czerniak. He was presented with a piece, weighing about 30 grams, taken from the iron meteorite 'Mount Joy'. This formed the start of a collection which he gradually built up until, at the time of his death, it contained more than 100 specimens. In the mid-1920's progress in understanding the origin of meteorites was virtually at a standstill. Many chemical analyses were on record and a broad classification based on compo sition had been made. The principle of determining the age of rocks from the amount of uranium, thorium, and helium that they contained was already well established, and it was clear to Paneth that his methods for determining extremely small amounts of helium might enable him to find the age of meteorites.
Thus, in 1928, he published his first results on the helium content and age of meteorites and this theme was one which continued to interest him throughout his life. His analytical method was capable of detecting and measuring as little as 10~10 ml. of helium, compared with 10~7 ml. in Strutt s earlier experiments in the same field. The procedures for the separation and measurement of these small quantities of helium were also steadily developed and refined as Paneth's interest in their applications broadened. Measurements were made on the helium content of large numbers of meteorites of different types and on their uranium and thorium content. It was the determination of uranium and thorium which, in fact, proved later to be uncertain; only at a late stage of the work were reliable methods available for estimating the very small amounts of these two elements which were present. As a consequence, many of the early age determinations had to be revised. The helium estimations have, however, never been questioned and they remain as a model of precise work with very small quantities of gas.
The discovery of the production of helium by cosmic rays led Paneth, in 1952, to re-examine some of his earlier conclusions. He showed that a sub stantial part of the helium found in iron meteorites consisted of He3 and concluded that this, with a corresponding amount of He4, must have been produced by the action of cosmic rays. His general conclusion, published in 1954, was that the age of most iron meteorites was between 100 and 200 million years, but that some were very much less old. Paneth's interest in this field was exceedingly broad. He collected data on the frequency of meteorite falls and was especially interested in current falls, such as those of the Beddgelert and the Akaba meteorites, both of which occurred in 1949. A specimen of the former meteorite was obtained and subjected to a detailed examination. Paneth's unique collection of meteorites and of literature on the subject is to be kept intact and made available to others working in the field.
In the broader aspects of the subject the very nature of the problem makes any final conclusion a matter of the greatest difficulty, if indeed a final answer can even be found, but the fact that Paneth's interest extended far beyond the actual quantitative determination of helium is typical of his approach to science in general. He was interested in the origin of the universe and was happy to make such contributions as he could to the solution of this great problem.
The methods of separating and measuring very small quantities of helium and other rare gases found other applications in the hands of Paneth and his co-workers. He detected and measured the helium formed in the neutron irradiation of methyl borate. This was the first recorded measurement of a macroscopic product in a nuclear reaction involving neutrons. He also made major contributions to the study of the atmosphere and to stratosphere research. The helium content of atmospheric air on the earth's surface and at heights up to 25 km was determined and no variations exceeding the analytical error of ±0*2 per cent, were found in samples from all over the surface of the globe apart from a helium surplus of about 3 per cent, above the normal at heights between 20 and 25 km. It was concluded that gravita tional separation has no appreciable effect on the composition of the atmo sphere within these height limits. This work was later extended to 100 km, using steel flasks for the collection of samples. Up to 60 km no change in the composition of the atmosphere compared with ground level could be detected. Above this height, however, analysis of samples showed an increase in the helium and neon and a decrease in the percentage of argon. While it seemed likely that these figures indicated a gravitational separation in an undisturbed layer of the upper atmosphere Paneth was careful to point out that sampling with a fast-moving rocket might cause a separation, and that there was other evidence of frequent and high winds at great heights which would counteract the separating influence of gravity. The studies of atmo spheric gases were further extended by the development, in collaboration with J. L. Edgar, of an iodometric method for determining ozone at a concentration of only a few parts per hundred million parts of other gases. It depended on the condensation of ozone on the surface of specially prepared silica gel and separation from other oxidizing gases by fractional distillation. Apparatus was also developed for the continuous recording of atmospheric ozone over periods of 24 hours.
Finally, reference must be made to Paneth's historical and philosophical studies, for these formed a very real part of his scientific life. It was in his student days that he discovered among the family treasures an early copy of a lost treatise by Albertus Magnus, and throughout his life his interest was divided between ancient and modern alchemy. This indeed was evident to any visitor to his library. This interest in the past is well illustrated by an incident which occurred after his appointment to the Chair of Chemistry at Durham. His attention had been captured by the figure of Thomas Wright, who first discerned the true character of the Milky Way and whose Original theory of the Universe (1750) was the source that inspired Immanuel K ant to write his AllgemeineNaturgeschichte und Theori already familiar with the name of Thomas Wright but was astonished to find that hardly anyone in Durham was. He was able to identify W right's ob servatory, a round stone tower which had been built at Westerton, near Durham, and which was known locally as 'the Westerton Folly'. He aroused public interest, with the result that the 200th anniversary of the publication of the Original theory was celebrated by public meetings and a memorial plaque was affixed to the tower. This incident is indeed characteristic of Paneth. He had a mind which sought wide horizons. He could be interested in the small things around him as well as in the big. He was fascinated by amber and collected many rare specimens and yet could interest himself in the origin of the universe. Paneth's scientific publications will remain as his lasting memorial, but it is important that we should not forget his person ality, which left so vivid an impression on all who knew him.
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